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PRE-COMPRESSION SYSTEM FOR
PRE-COMPRESSING A STRUCTURE

The object of the present invention 1s a pre-compression
system for pre-compressing a structure, typically a concrete
structure.

Concrete 1s a material that does not hold up well to tensile
stresses, whereas 1t does ofler good compressive strength.
For this reason, pre-compression 1s known to be performed
in the forming stage (a typical application 1s in concrete
beams of large dimensions or 1n very large pavements). In
practice, a metal cable 1s stretched between two supports and
then the concrete 1s applied around the metal cable shaping
it 1nto the desired form. Once 1t has cured, the cable i1s
disconnected from the two tensioning supports. In this
manner, the cable transfers pre-compression to the concrete
structure and the pre-compression helps neutralize any ten-
sile loads.

There 1s an alternative system known as post-compression
which comprises the positiomng of tendons in special
sheaths 1nside a form for curing the concrete. After the
concrete has cured, the tendons placed 1nside the sheaths are
tensioned.

One drawback of these design solutions 1s the fact that
these measures are adopted only for large-scale works in
terms of dimensions and costs. In fact, the use of tensioning,
supports and the method associated with pre-compression/
post-compression entail additional costs which are normally
avoided 1n the case of less significant works (such as
building homes, which, however, constitute a major portion
in the overall use of concrete). Moreover, the realization of
pre-compression and post-compression also mtroduces pro-
duction 1ssues relating for example to the presence of
adequate space for enabling the tensioning supports to be
positioned.

An aim of the present invention i1s to make available a
pre-compression system for pre-compressing a structure that
makes 1t possible to minimize costs and the dithiculties
involved in the installation thereof.

The defined technical task and the specified aims are
substantially achieved by a pre-compression system com-
prising the technical characteristics set forth in one or more
of the appended claims.

Further characteristics and advantages of the present
invention will become more apparent from the approximate
and thus non-limiting description of a pre-compression
system for pre-compressing a structure as illustrated in the
attached drawings, of which:

FIG. 1 shows a pre-compression system according to the
present mvention;

FIG. 2 shows a perspective view ol a detail of the
pre-compression system;

FIG. 3 shows a pre-compression system for pre-com-
pressing a structure according to the present ivention.

In the accompanying figures, a pre-compression system
for pre-compressing a structure 1s indicated by the reference
number 1. This structure can comprise concrete (throughout
this description, reference 1s made to concrete by way of
example, but the latter could be substituted with a more
generic construction material which could comprise/be for
example a polymeric structure or CSA cements). The struc-
ture can consist ol a beam for example, but 1t could also be
a portion of a more complex structure. Following consoli-
dation (curing) of the concrete, the structure undergoes
pre-compression, which improve resistance to subsequent
tensile loads.
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2

The system 1 comprises a {irst tubular element 31 that 1s
expandable 1 a longitudinal direction. The first tubular
clement 31 has a resistance to radial expansion that is greater
than 1ts resistance to longitudinal elongation. In the pre-
ferred solution, the first longitudinal element 31 has a
rectilinear extension. The first longitudinal element 31 1s at

least partly submerged in said structure.

The first tubular element 31 1s movable between a lon-
gitudinally elongated configuration, 1n which a pressurized
fluid 1s placed inside the first tubular element 31 (thus
determining 1ts elongation) and a contracted configuration,
in which said fluid 1s at least partly removed. This takes
place after the concrete has cured. The passage from the
clongated configuration to the contracted configuration
brings about a compression of the concrete which at least
partly envelops the first tubular element 31 (given that 1t
tends to return to an undeformed configuration once the
action of pressurization of the fluid ceases). This compres-

sion 1volves the direction of the longitudinal extension of
the first tubular element 31. The first element 31 can thus be
defined as a pressure-activatable tendon. The internal pres-
sure 1s due to the pressurized tluid introduced by means of
a pump. The fluid 1s mtroduced 1nto the first tubular element
31 from one of the two ends. Once the first tubular element
31 1s filled (advantageously this step can be accompanied by
the total removal of air present), only a few cm” of water will
be introduced so as to enable 1ts elongation. Advantageously,
the elongation of the first tubular element 31 takes place
along a rectilinear direction. In passing from the longitudi-
nally elongated configuration to the contracted configura-
tion, the concrete (already cured) could bring about slight
arching along the longitudinal extension of the first tubular
clement 31.

The pressurized fluid 1s typically an incompressible fluid,
for example a liquid, preferably water. The pressure of the
fluid 1 the elongated configuration could be comprised
between 500 and 600 atm for example. The structure, 1n turn,
comprises a first and second compression head 21, 22 for
compressing the concrete interposed between them. The first
and second head 21, 22 can comprise compression plates for
example. For example, the first and the second head 21, 22
could be made of a metal material, for example steel. In an
alternative solution, they could be made of UHPC (the
acronym for the well-known “Ultra High Performance Con-
crete”). The first and the second head 21, 22 could be of
different shapes, for example, disc-shaped, cross-shaped,
L-shaped, T-shaped, etc. In FIG. 1, reference number 4
indicates a layer of concrete that one wishes to pre-com-
press.

The first tubular element 31 1s interposed between the first
and the second head 21, 22. In particular, the first tubular
clement 31 has a first end constrained to the first head 21 and
a second end constrained to the second head 22. The first
clement 31 extends in a longitudinal direction between the
first and the second head 21, 22. In particular, the first end
of the first tubular element 31 1s directly connected with the
first head 21. Likewise, the second end of the first tubular
clement 31 1s also directly connected with the second head
22.

In the preferred solution, the compressive action on the
concrete 1s therefore at least partly performed by the first and
the second head 21, 22, which, in the contracted configu-
ration, compress the concrete mnterposed between them.

The first and the second head 21, 22 are therefore impor-
tant for transmitting the load from the first tubular element
31 to the concrete. In fact, when the pressurized fluid 1s
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removed from the first tubular element 31, the transfer of the
load by adhesion, though present, could be contained.

In an alternative solution, the first and the second head 21,
22 could also be absent. In this case, compression could be
exerted directly by the full-full adhesion/dragging action
performed on the concrete by the first tubular element 31
which passes from the longitudinally elongated configura-
tion to the contracted configuration. Advantageously, 1n this
case, the first tubular element 31 could have projections, for
example helical grooves. To increase Iriction between the
first tubular element 31 and the concrete, granular elements,
for example sand, could possibly be present on the external
surface of the first tubular element 31.

The first tubular element 31 comprises a composite mate-
rial. Preferably, 1t 1s entirely made of a composite material.
This makes it free of corrosion problems even in the case 1n
which 1t 1s mntended to be positioned 1n a shallow area of the
structure and thus more easily exposed to the action of the
outside air. Advantageously, the first tubular element 31 has
a resistance to radial expansion that i1s greater than its
resistance to longitudinal elongation. This 1s important and
it can be achieved by using composite materials. In fact, 1f
filled with a pressurized liquid, the tubular structures made
entirely of steel undergo much greater circumierential stress
with respect to longitudinal stress. As a result, upon an
increase 1n pressure, there would be breakage of the tubular
clement (due to the high circumierential stresses) when the
clongation 1s still insuflicient to ensure subsequent adequate
pre-compression.

The composite material comprises a matrix and fibres
located 1n the matrix.

For example, the matrix can comprise/be one of the
following materials: an epoxy matrix, polyester or vinyl
ester.

Advantageously, the fibres located in the matrix can
comprise/be one of the following materials: basalt fibres,
glass fibres or carbon fibres.

Advantageously, the fibres comprise fibres that are
wrapped around a longitudinal axis of the first tubular
clement 31. They radially strengthen the first tubular ele-
ment 31, making it able to withstand greater circumierential
stress (contrasting the radial pressure exerted by the fluid).
These fibres wrapped around a longitudinal axis advanta-
geously extend helically. These fibres can possibly be
wrapped around the longitudinal axis 1n the form of a
left-handed and right-handed double helix angle.

Conveniently, the fibres also comprise longitudinal fibres.
These fibres are responsible for the contraction of the tubular
clement which determines the passage from the longitudi-
nally elongated configuration to the contracted configuration
(thus defimng the pre-compression of the concrete).

The fibres wrapped around a longitudinal axis are impor-
tant during the curing process of the concrete for the purpose
ol opposing the radial thrust due to the pressurized fluid
present in the first tubular element 31. Therelore, as these
fibres are stressed for a reduced period of time, they can
withstand stresses which, 1n terms of percentages, are closer
to the breaking load than the longitudinal fibres.

Preferably, the percentage by weight of the matrix with
respect to the weight of the fibres 1s comprised between 5%
and 50%.

In an alternative solution, the first tubular element 31
could comprise (advantageously be constituted by) impreg-
nated fibres helically wrapped around the longitudinal axis
in a right-handed and/or left-handed manner. In this case,
there could be various layers with a predetermined helix
angle (which could also be different for each layer). The
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helically wrapped fibres can radially strengthen the first
tubular element 31, making 1t able to withstand greater
circumierential stress and they can be responsible for the
contraction of the tubular element, passing from the longi-
tudinally elongated configuration to the contracted configu-
ration (making the presence of the longitudinal fibres super-
fluous).

In an alternative solution, the first tubular element 31
could also comprise a core made of steel or 1n any case a
metal, around which fibres made of a composite material or
a wire made of a metal material are wrapped helically. The
composite material and/or said metal wire determine a
resistance to radial expansion that 1s greater than a resistance
to longitudinal elongation.

The system 1 also comprises a second expandable tubular
clement 32. It extends from the first compression head 21 to
a third compression head. In this case, the first and the
second tubular element 31, 32 extend along different direc-
tions (see for example FI1G. 3). Pre-compressions can there-
fore be carried out 1n a number of directions at the same
time. Preferably, the first and the second tubular element 31,
32 both extend 1n a rectilinear direction.

In an alternative solution, the first and the second tubular
clement 31, 32 can extend along the same straight line. In
this case, the first head 21 defines a joint between the first
and the second tubular element 31, 32. Advantageously, 1n
this case, the first and the second tubular element 31, 32 have
different diameters. Different pre-loads can thus be applied.

In the preferred solution, the ratio of the weight (or the
strength) of the fibres wrapped around a longitudinal axis of
the first tubular element 31 to the weight (or strength) of the
longitudinal fibres 1s 1n the range of 2 to 1. In a preferred
solution, the outer diameter of the first tubular element 31 1s
comprised between 15 and 50 millimetres, and 1t 1s prefer-
ably comprised between 16 and 20 millimetres. In a pre-
ferred solution, the thickness of the first tubular element 31
1s conveniently comprised between 1 and 10 millimetres.

In selecting the geometric parameters stated hereinabove,
it should be kept 1n mind that they depend on the loads
involved. In the construction of residential buildings, the
pre-compression loads are lower than 1n a bridge beam, for
example.

One or more of the characteristics described with refer-
ence to the first tubular element 31 and/or to the interaction
thereol with two end heads can be repeated for the second
tubular element 32.

The object of the present invention 1s also a method for
pre-compressing a concrete structure. This method 1s con-
veniently implemented by means of a system having one or
more of the characteristics indicated hereinabove. The
method comprises the step of pressurizing an area 310 inside
the first tubular element 31. This step comprises mtroducing
a fluid (typically an incompressible fluid) into the mside area
310.

The method further comprises the step of applying the
concrete around said first tubular element 31.

The step of waiting for at least partial curing of the
concrete 1s also provided. The step of waiting for the at least
partial curing of the concrete comprises the step of waiting
for at least 10 hours (however, this 1s a function of the type
ol construction material used; for example, in the case of
CSA cements or polymers other than concrete, the time
needed to achieve curing could be much less and, 1n such
cases, at least 5 minutes can be considered as the time
needed to achieve curing).

The method further comprises the step of reducing pres-
sure 1n the area 310 inside the first tubular element 31, thus
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bringing about a longitudinal contraction of the first tubular
clement 31. This takes place after the concrete has reached
at least partial curing. All of this brings about a pre-
compression of the concrete that envelops the first tubular
clement 31. Advantageously, the compressive action 1is
brought about by the thrust pushing the first and the second
head 21, 22 towards each other. The compression thus
allects the concrete interposed between the first and the
second head 21, 22. Though to a lesser degree, the pre-
compressive action could be associated also with the adhe-
sion between the first tubular element 31 and the concrete
enveloping 1t.

The object of the present invention 1s also a method for
realizing the first tubular element 31 of a system having one
or more of the characteristics described hereinabove.

This method comprises the steps of:

arranging a central longitudinal core;

wrapping spirally at least a first fibre impregnated with a

resin around said central core;

arranging a longitudinal fibre along said core (interweav-

ing 1t with or crossing 1t over the first fibre).

The present invention offers important advantages.

First of all, 1t makes 1t possible to reduce costs and the
operational complexity associated with pre-compression of
concrete. This 1s reflected 1n the fact that pre-compression
can also be adopted for realizing concrete structures of
smaller dimensions compared to current dimensions.

The mvention thus conceived 1s susceptible to numerous
modifications and variants, all of which falling within the
scope of the mnventive concept characterizing the invention.
Moreover, all details may be replaced with other technically
equivalent elements. All the materials used, as well as the
dimensions, may in practice be of any type, according to
needs.

The 1nvention claimed 1s:

1. A pre-compression system for pre-compressing a struc-
ture, which, 1n turn, comprises a construction material, said
pre-compression system comprising a first tubular element
(31) that 1s expandable 1n a longitudinal direction, said first
tubular element (31) being movable between a longitudi-
nally elongated configuration, in which a pressurized fluid 1s
placed 1nside the first tubular element (31), and a contracted
configuration, 1n which said fluid 1s at least partly removed,
a passage Irom the longitudinally elongated configuration to
the contracted configuration bringing about a compression
on the construction material which at least partly envelops
the first tubular element (31); wherein:

a) said first tubular element (31) comprises a composite

material the composite material comprises a matrix and
fibres located in the matrix, said fibres comprising
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fibres that are wrapped around a longitudinal axis and
that extend helically; or -the first tubular element (31)
comprises libres, said fibres comprising impregnated
fibres helically wrapped around the longitudinal axis;

b) the fibres also comprise longitudinal fibres which are
responsible for a contraction of the tubular element
which determines the passage from the longitudinally
clongated configuration to the contracted configuration
thus defining the pre-compression of the construction
material; the first tubular element (31) has a resistance
to radial expansion and a resistance to longitudinal
clongation, wherein the resistance to radial expansion
1s greater than the resistance to longitudinal elongation.

2. The pre-compression system according to claim 1,
characterized 1n that the pre-compression system comprises
a first and a second compression head (21, 22) for com-

pressing the construction material interposed between them,
said compression on the construction material being per-
formed by the first and the second head (21, 22) in the

contracted configuration of the first tubular element (31).

3. The pre-compression system according to claim 2,
characterized in that the pre-compression system comprises
a second expandable tubular element (32) that extends from
the first compression head (21) to a thuird compression head,
said first and said second tubular element (31, 32) extending
along different directions.

4. A method for pre-compressing a structure comprising a
construction material, by means of the pre-compression
system according to claim 1, and comprising steps of:
-pressurizing an arca (310) inside the first tubular element
(31); -applying the construction material around said first
tubular element (31); -waiting for at least partial curing of
the construction material; -reducing pressure 1n the area
(310) inside the first tubular element (31), thus bringing
about a longitudinal contraction of the first tubular element
(31) and a pre-compression of the construction material that
envelops the first tubular element (31).

5. The method according to claim 4, wherein the step of
pressurizing the inside area (310) comprises introducing a
pressurized liquid inside the first tubular element (31) by
pumping.

6. The pre-compression system according to claim 1,
characterized 1n that a ratio of a weight or a strength of the
fibres wrapped around a longitudinal axis of the first tubular
clement (31) to a weight or a strength of the longitudinal
fibres 1s about 2 to 1.
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